Abstract Hematology and serum biochemistry are important tools in assessing the health and physiological status of wildlife populations. Nevertheless, studies on free-ranging wolves (Canis lupus) are scarce, and no reference values are available neither for Iberian wolves nor for wolves captured with leghold snares. We report 37 hematology and serum biochemistry variables obtained from 26 free-ranging Iberian wolves captured with leg-hold snares between 2007 and 2014, including variables previously not reported in the literature. The values obtained are similar to the published reference intervals for Scandinavian wolves captured by darting from a helicopter, except for higher values for mean corpuscular hemoglobin concentration (MCHC), red blood cell distribution width (RDW), leukocyte count, creatinine kinase (CK), γ-globulins, and total bilirubin (TBIL) and lower values for alkaline phosphatase (ALP). We propose that differences in leukocyte count, CK, and TBIL are related to the method of capture, while differences in RDW, MCHC, ALP, and γ-globulins could reflect physiological adaptations to environmental conditions, sampling, or pre-analytical artifacts. Lymphocyte count was lower and neutrophil/lymphocyte ratio was significantly higher in older, reproductive females, while ALP and phosphorus were higher in juvenile wolves. For the first time, we describe hematology and serum biochemistry values of free-ranging Iberian wolves captured with leg-hold snares. The data reported here is the first published reference for wolves captured with similar methods and for monitoring Iberian wolves populations' physiological and health status.
Introduction
Hematology and serum biochemistry values are important tools for health surveillance in free-ranging animal populations. This information is useful to assess the subclinical Communicated by C. Gortázar N. Santos (*) ICVS-Instituto de Investigação em Ciências da Vida e da Saúde, Universidade do Minho, Braga, Portugal e-mail: pygargusvet@sapo.pt effects of pathogens (Brock et al. 2013 ) and physiological (López-Olvera et al. 2006) , ecological (DelGiudice et al. 1991) , or nutritional (Brock et al. 2013 ) status, among other issues. These parameters can be influenced by several intrinsic and extrinsic factors (Tryland 2006) . Notably, the stress experienced by wild animals during capture should be taken into account as an extrinsic factor that interferes with hematology and serum biochemistry (Constable et al. 1998; Tryland 2006; Marks 2010 ) and which is influenced by the capture method (Marks 2010) . Although leg-hold traps are arguably the most frequently used method to capture wolves (Van Ballenberghe 1984; Chavez and Gese 2006; Frame and Meier 2007) , no data on hematological and serum biochemistry values of wolves captured with this method have been published.
Most published information on the hematology and serum biochemistry of wolves (Canis lupus) was obtained from captive individuals or from free-ranging pups (Seal et al. 1975; Seal and Mech 1983; Drag 1995; Kreeger 2003) . Nevertheless, since captivity influences these parameters (Constable et al. 1998) , and they may also change with factors such as age (Butler et al. 2006; Thorensen et al. 2009) , it is important not only to determine hematology and serum biochemistry values in wild populations but also to investigate the sources of variation in these variables.
Moreover, to our knowledge, information on hematology and serum biochemistry have only been reported for wolf populations occurring in boreal environments (North American and Scandinavian populations; Constable et al. 1998; Butler et al. 2006; Thorensen et al. 2009) , and no information is therefore available for wolves inhabiting other environments, such as the Iberian wolf populations located in a temperate Atlantic-Mediterranean habitat. The Iberian wolf range comprises mostly the northwestern Iberian Peninsula, covering an area of more than 140,000 km 2 . Total population is estimated at 2000-3000 individuals in 253-322 packs (Álvares et al. 2005) , being the main population of this large carnivore in Western Europe (Boitani 2003) .
The aim of this work was to (i) estimate the reference interval of 37 hematology and serum biochemistry variables from free-ranging Iberian wolves trapped with leg-hold snares and (ii) assess the influence of age on these variables.
Methods
Wolves were captured in four different areas of Northwestern Iberia, namely Alto Minho and Beira in Portugal and Galicia and Asturias in Spain (centroids of the study areas: 41°55′ 40″ N 8°23′ 43″ W, 40°94′ 23″ N 7°68′ 50″ W, 42°24′ 43″ N 8°2 5′ 32″ W, 43°16′ 29″ N 4°58′ 55″ W, respectively). This region is characterized by an Atlantic temperate wet climate without marked summer droughts and is part of the Eurosiberian vegetation zone, with marginal Mediterranean influence (Benayas and Scheiner 2002) . The areas are characterized by different contexts of a human-dominated landscape with a mean human population density ranging from 6 to 108 inhabitants/km 2 (Naves et al. 2003; INE 2011; Llaneza et al. 2012; López-Bao et al. 2013 A total of 26 wolves were captured during the study period. Sixteen animals were chemically immobilized by intramuscular injection of a mixture of ketamine (Imalgene®, Merial, Lyon, France, 4.97 ± 1.53 mg/kg) and medetomidine (Domitor®, Merial, Lyon, France, 0.10±0.03 mg/kg) (n= 16). Ten juvenile or subadult wolves were sedated exclusively with medetomidine (0.11±0.04 mg/kg). Depending on each situation, injection was accomplished by handheld syringe, pole syringe, or blow-dart. Immobilization was reversed by the intramuscular injection of atipamezole (Revertor®, Merial, Lyon, France, 0.40±0.01 mg/kg). Age was estimated by dental pattern and wear, according to Gipson et al. (2000) , assuming that births occurred in May each year (Kreeger 2003) . Wolves were classified as juveniles (<1 year), subadults (1-2 years), adults (2-7 years), and older (>7 years). Breeding status was assessed in females using nipple measurements during capture (Mech et al. 1993) or by telemetry or genetic affiliation (unpublished data).
Blood samples were collected by venipuncture of the cephalic or saphenous veins 33±14 min after administration of anesthesia and preserved in EDTA and clotting tubes, from which serum was separated by centrifugation at 1430g for 10 min. Blood samples were kept refrigerated until analysis 9-102 h post-capture. Whole blood in EDTA and serum were analyzed for 31 analytical variables in a commercial laboratory (Inno, Braga, Portugal) using a Sysmex XT-2000iV (Sysmex Corporation, Kobe, Japan) hematology analyzer and a Mindray BS380 (Mindray Medical International Ltd, Shenzhen, China) clinical biochemistry analyzer. Briefly, cell counts were performed by flow cytometry, hemoglobin concentration by the SLS method, and proteins by electrophoresis. Enzyme, metabolite, and ion concentrations were determined by several methods available from the manufacturer (http://www.mindray.com/en/common/showSwf.jsp). Additionally, six more variables were calculated by standard formulas, based on the outcome of these analytically measured parameters (hematocrit, mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red blood cell distribution width (RDW), neutrophil/lymphocyte, and albumin/globulins).
Following Lippi et al. (2006) , the hematological values of samples presenting some degree of coagulation were excluded from further analysis (n=15 values, from two wolves).
In compliance with the recommendations of the International Federation for Clinical Chemistry (IFCC) (Henny 2009 ), outliers were identified as values exceeding three interquartile ranges above the third quartile or below the first quartile and examined case by case, with emphasis on retaining them. Four observed values were identified as statistical outliers but were maintained in the dataset since there was no evidence that suggested these animals were not part of the normal population. For the purpose of determining intervals of variables previously shown to vary with age (Thorensen et al. 2009 ), values from juvenile wolves were excluded from the analysis (n=76 values, from seven wolves), namely erythrocyte count, hematocrit, hemoglobin concentration, mean corpuscular volume (MCV), MCHC, alkaline phosphatase (ALP), total protein, albumin, albumin/globulin, γ-globulin, creatinine, calcium, chloride, magnesium, phosphate, and sodium values. Analytical values were Box-Cox transformed and sample interval was calculated by the robust method, after checking that the symmetry of the distribution was greater than 0.05, according to the IFCC guidelines (Geffré et al. 2009 ). The robust method is recommended for the determination of reference values from datasets with small numbers of observations and involves iterative processes for identifying the location of the median and the spread of the distribution (Horn et al. 1998; Geffré et al. 2011) . Reference Value Advisor 2.1 (Geffré et al. 2011 ) was used in determining the sample interval of each variable. Sample intervals are reported as median, standard deviation, robust sample interval, and minimum and maximum values.
The values obtained were compared with published data from Thorensen et al. (2009) and considered different whenever the median fell outside the reference range reported by those authors.
Each variable was compared by a non-parametric KruskalWallis test between age categories (juveniles n=7, subadults n=7, adults n=9, and older n=3). Values from juvenile wolves were included in the analysis to determine the influence of age on hematology and serum biochemistry variables. Statistical significance was set at p<0.05. SPSS 13.0 software (SPSS, Chicago, Illinois, USA) was used for statistical analyses. Nomenclature follows Geffré et al. (2009) .
Results
The sample group consisted of 26 Iberian wolves, 17 from Alto Minho (12 adults, three subadults, two juveniles), five from Galicia (three subadults, two juveniles), two juveniles from Beira, and one juvenile from Asturias. The average weight was 36.9±3.8 kg for adult males, 31.0±3.8 kg for adult females, and 20.0±6.6 kg for juveniles. The mean estimated age of the 26 wolves was 34±29 months while for the adult wolves, it was 59±26 months. All trapped wolves were evaluated as clinically healthy at the moment of capture, although 25/26 presented minor lesions associated with trapping (such as edema, skin abrasions, or superficial lacerations of the limb) and one presented severe lesions (radioulnar fracture-manuscript submitted).
Results on sample intervals are summarized in Tables 1 (hematology) and 2 (serum biochemistry). The median values for MCHC, RDW, leukocyte count, creatinine kinase (CK), total bilirubin (TBIL), and γ-globulins were higher than the reference range reported by Thorensen et al. (2009) , while the median for ALP was lower. Older wolves (n=3, all confirmed as reproductive females) tended to show lower lymphocyte counts (p=0.049, Fig. 1a ) and higher neutrophil/lymphocyte ratio (p=0.024, Fig. 1b) , while juveniles showed higher ALP (p=0.013) and phosphorus (p=0.013) (Fig. 1c, d , respectively) values, compared to other age categories.
Discussion
The reference interval for several hematology and serum biochemistry variables in free-ranging Iberian wolves captured with leg-hold snares is reported for the first time. Values in our sample were generally in accordance with those reported for free-ranging Scandinavian and North American wolves, except for MCHC, RDW, leukocyte count, CK, ALP, TBIL, and γ-globulin (Constable et al. 1998; Thorensen et al. 2009) .
MCHC values in this study are similar to those reported for captive wolves (Kreeger 2003 ) and for dogs (Lawrence et al. 2013 ) but lower than those reported by Thorensen et al. (2009) . Also wolves in our sample show lower MCV than those reported by Thorensen et al. (2009) (although the median lies within the reference interval), suggesting that the Scandinavian wolves analyzed by those authors presented slightly macrocytic hypochromic erythrocytes. This could be explained by a higher proportion of reticulocytes in Scandinavian wolves' red blood cells, but unfortunately neither the present study nor the study of Thorensen et al. (2009) performed reticulocyte counts. A slight anisocytosis was found in our sample which could be caused by storage macrocytosis in some blood samples (Katz et al. 2012) .
We found higher leukocyte counts than those reported by Thorensen et al. (2009) , which could be explained by the (Cattet et al. 2003) . The stress leukogram is a physiological response to a stressful event, characterized by leukocytosis with neutrophilia, monocytosis, and lymphopenia (Barger 2003). Unfortunately, Thorensen et al. (2009) did not report differential white blood cell counts, as it could allow further assessing this hypothesis. A stress leukogram pattern increases for up to 4 h after a stressful event (Bosson et al. 2012) . The larger variability in leukocyte counts in this study compared to those reported by Thorensen et al. (2009) could be due to the also larger potential variability in delay between capture and handling. Furthermore, wolves in our sample tended to have higher CK and TBIL values than those reported by Thorensen et al. (2009) . A possible explanation for all these differences is the longer duration of the capture event with the trapping method (56-720 min in the trap vs <10-120-min helicopter chase) promoting physical exertion-related rhabdomyolysis, hemolysis, and the establishment of a stress leukogram pattern. Biochemical markers of rhabdomyolysis and hemolysis have been shown to be elevated in other wild canids captured by leg-hold snares (Kreeger et al. 1990; Marks 2010) . The effect of capture stress in freeranging wolves deserves further study in order to reduce the physiological alterations to the trapped animal caused by stress and physical exertion. Alkaline phosphatase values were lower and γ-globulin higher in Iberian wolves, which could be due to our sample possibly being composed of older animals. Three wolves in our sample presented results consistent with a mild monoclonal gammopathy in the γ region. Monoclonal gammopathies have been associated with Ehrlichia spp. infection in dogs (Harrus et al. 1996) , which is an infection previously detected in wolves in this region (Ferreira 2010) . Upon capture, these three wolves showed no signs of disease and behaved normally for several months of GPS telemetry tracking. Iberian free-ranging wolves showed high serum urea values compared with captive wolves (Constable et al. 1998) , as also reported by Constable et al. (1998) , Butler et al. (2006) , and Thorensen et al. (2009) for Alaskan and Scandinavian freeranging wolves. Renal failure was excluded as a cause once all captured wolves also showed normal creatinine values. Growing evidence supports the hypothesis that this is a physiological phenomenon, possibly related to dietary and metabolic differences between free-ranging and captive animals (Thorensen et al. 2009 ). In fact, free-ranging animals could incorporate a higher proportion of low-quality protein in their diet and also show higher metabolic rate and protein catabolism, leading to higher urea values compared to captive wolves.
Life expectancy for free-ranging wolves is estimated to be up to 9 years (Lovari et al. 2006) ; we were able to capture three wolves estimated to be more than 7 years old, from three different packs in the Alto Minho study area. Interestingly, all were confirmed as reproductive females in the previous season (n=2) or in the next season (n=1), relative to the capture. These adult reproductive females showed a marked tendency for lower lymphocyte counts and higher neutrophil/ lymphocyte ratio, which could be caused by their age, gender, or reproductive status. Lymphocyte counts decreasing and neutrophil counts increasing with age have been described in dogs as part of the immunosenescence but not in such a dramatic way (Lawrence et al. 2013) . In North American red squirrels (Tamiasciurus hudsonicus), females showed higher stress markers after trapping compared to males (Bosson et al. 2012 ). Breeding wolves have been shown to have higher stress markers (e.g., corticosteroids) compared to nonbreeding wolves (Creel 2005) . Together, these results suggest that older reproductive females show a more exuberant stress response, as indicated by the leukograms obtained in our study, although the small number of such wolves that were analyzed does not allow for stronger conclusions. Phosphorus and ALP values were higher in juveniles compared to other age categories, as previously reported for Scandinavian wolves (Thorensen et al. 2009 ) and for dogs (Lawrence et al. 2013) . Nevertheless it should be mentioned that most juvenile wolves in this study were sedated with medetomidine only, while all adults were anesthetized with ketamine-medetomidine, and ketamine was shown to decrease serum phosphorus values (Rovirosa-Hernández et al. 2011) .
Although based on a relatively small sample size, this study reports for the first time hematology and serum biochemistry values for free-ranging wolves captured by leg-hold snares. This study supports previous evidence in other carnivore species that the stress imposed by the capture method greatly influences some of the variables analyzed (e.g., Kreeger et al. 1990; Marks 2010) . As such, the values reported here should be used to monitor the health and physiological status of wolves captured using similar methods. Overall, the population under study showed a good health condition, so the values reported can also be used as reference to prospectively monitor the health and physiological status of the Iberian wolf population.
